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1
PYRO/PIEZO SENSOR

CROSS REFERENCE TO RELATED
APPLICATTONS

This application 1s a continuation-in-part of application
Ser. No. 09/416,660, filed Oct. 12, 1999 (now U.S. Pat. No.

6,254,545.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to electronic sensors for
monitoring both temperature changes and sound using a
single transducer, and more particularly to the construction
of such sensors that more readily allows the temperature
signal to be separated from the sound signal using conven-
tional signal processing techniques (filtering).

2. Discussion of the Prior Art

In the Stasz U.S. Pat. No. 5,311,875, which 1s hereby
incorporated by reference, there 1s described a system for
clectronically monitoring breathing patterns. The system
described therein utilizes a plastic film exhibiting both
pyroelectric and piezoelectric properties such as a polyvi-
nylidene fluoride (PVDF) film. The film transducer has a
conductive electrode on opposed major surfaces therecof and
clectrical wires connect the electrodes to an electronics
module that 1s designed to separate the transducer output
into two separate channels, one being for temperature and
the other being for sound or vibration.

Our testing has shown that the signal proportional to
temperature variation greatly exceeds that due to noise or
vibration by a factor of about 150:1. The temperature-related
signal also exhibits a substantially faster response time than
the sound signal and 1s rich in frequency components in the
20 Hz to 50 Hz range. These facts result in a difficulty in
preventing the thermal component of the transducer from
crossing over 1nto the sound channel, often leading to the
occurrence of false positives when both sound signals and
temperature signals are being simultaneously monitored.

The problem thus presents 1itself as to how one may
clectively separate the signals when the frequency compo-
nents of each signal overlap. Resorting to a signal processing
approach has proven difficult.

We have found that by modifying the mechanical con-
struction of the pyro/piezo transducer to increase 1ts thermal
mass, the effective rise time of the thermal signal 1s greatly
reduced, while not seriously attenuating the sound/vibration-
related signal amplitude. Decreasing the rise time of the
thermal signal results in a shift of the frequency components
thereof so as not to overlap with the frequency components
in the sound channel. As such, conventional filtering steps
can be performed to produce separate, 1solated channels.

SUMMARY OF THE INVENTION

In accordance with the present invention, control over the
thermal mass of the transducer described 1n the aforerefer-
enced Stasz patent 1s achieved by aflixing a layer of plastic
foam material onto the transducer {ilm on at least one major
surface thereof. Thus, 1mn accordance with a preferred
embodiment of the present invention, the combination ther-
mal and vibration sensor may comprise a PVDF film of a
predetermined shape configuration with first and second
major surfaces. A thin layer of a conductive material is
deposited upon the first and second major surfaces of the
film and electrical leads are attached at one end to the
clectrodes. An outer moisture 1impervious layer 1s adhered to
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the electrode on one side of the film and a foam layer of a
predetermined thickness and coextensive with the area of the
PVDF film 1s bonded to the opposite major surface. The
thickness of the foam layer 1s directly related to the rise time
of the thermal signal. Lowering the rise time of the thermal
signal effectively shifts the frequency components compris-
ing the thermal signal so as to no longer overlap with the
predominant frequency components of the piezo or sound
signal. Now, conventional filtering techniques can be used to
separate the two channels.

DESCRIPTION OF THE DRAWINGS

The foregoing features, objects and advantages of the
invention will be come apparent to those skilled 1n the art
from the following detailed description of a preferred
embodiment, especially when considered in conjunction
with the accompanying drawings 1n which:

FIG. 1 1s a front plan view of a pyro/piezo sensor
constructed 1n accordance with the present invention;

FIG. 2 1s a side elevation view of the sensor of FIG. 1;
FIG. 3 1s a plan rear view of an alternative embodiment;

FIGS. 4A—4E are waveforms helpful in understanding the
significance of the improvement afforded by the present
imvention; and

FIG. § 1s an exploded, 1sometric view of an alternative
embodiment for enhancing the signal to noise ratio of the
sound signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there i1s indicated generally by
numeral 10 a transducer element constructed 1n accordance
with the present invention. It comprises a laminated con-
struction of a plastic film 12 which exhibits both pyroelectric
and piezoelectric properties. A polyvinylidene fluoride
(PVDF) whose thickness ranges from about 0.5 to 5 mils has
proven suitable. The film 12 and the layers laminated
therewith and yet to be described are preferably somewhat
triangular in shape, but with the three sides of the triangle
being arcuate (concave inward) to define three distinct lobes

14, 16 and 18.

In fabricating the transducer, a thin, flexible layer of
conductive material 1s applied to the opposed major surfaces
of the film layer 12, the conductive layers being 1dentified in
FIG. 2 by numerals 20 and 22. Without limitation, the
clectrodes 20 and 22 may comprise carbon or a suitable
metal that 1s sufficiently thin so as not to inhibit the bending
and forming of the electrode during use.

As shown 1n FIG. 1, an elongated msulated conductor 24
has one end 26 thereof connected to the conductive layer 20
while elongated conductor 28 has one end 30 connected to
the conductive layer 22 on the opposite side of film 12 from
conductive layer 20. Conductors 24 and 28 are terminated 1n
connectors 32 and 34, respectively, to facilitate their attach-
ment to an electronics module (not shown).

Overlaying the conductive layer 22 1s a non-conductive
tape 36 which 1s shown as being coextensive with the film
layer 12.

Adhered to the conductive layer 20 on the opposed
surface of the film layer 12 1s a layer 38. Either or both of
the non-conductive layers 36 and 38 preferably may com-
prise a layer of plastic foam having a pressure sensifive
adhesive on opposed surfaces thereof whereby the layers 36
and 38 adhere to the conductive layers 22 and 20, respec-
tively. Assuming that the transducer 1s to be used in sleep-lab
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applications for monitoring a patient’s breathing pattern, an
adhesive on the exposed or outer surface of the foam layer
38 can be used to adhere the transducer to the subject’s
upper lip, with lobes 14 and 16 being positioned directly in
the path of air flow from the subject’s nares and with the lobe
18 adapted to overlay the subject’s mouth opening. Prior to
use, the adhesive 1s preferably protected by a peel-away
layer of release paper, as at 40, the release paper having a
pull-tab 42 extending beyond a border of the layer 38 for
case ol gripping.

Because the transducer made i1n accordance with the
present 1vention 1s very lilexible, 1t can adhere to the
subject’s lip and flex with facial movements so that it does
not readily detach from the subject’s lip. As shown 1n the
embodiment of FIG. 3, the nonconductive tape layer 36 may
not be co-extensive with the film layer, but instead may
extend beyond the confines of the transducer film and may
include a pressure sensitive adhesive on its undersurface 37
to facilitate attachment of the transducer to a subject being
monitored. Again, the adhesive may be protected with a
removable release paper to shield the adhesive prior to its
application to the subject.

The present invention centers on the use of the covering
layers 36 and/or 38 on the transducer described 1n the
aforereferenced Stasz °875 patent. Specifically, we have
found that it 1s possible to tailor the rise time of the thermal
response signal component so that its frequency components
do not overlap with the frequency components of the piezo
(sound) signal. That is to say, the covering layers 36 and/or
38 are found to increase the thermal mass of the transducer
to the point where the rise time of the thermal signal is
reduced to a point where conventional filtering techniques
can readily discriminate between the sound channel and the
temperature channel as those terms are defined 1n the Stasz
"875 patent. As such, transducers constructed 1n accordance
with the present mvention can be tailored to work with
clectronic signal processing circultry currently in use 1n
sleep labs, making 1t unnecessary to provide special elec-
tronics for accommodating combination pyro and piezo film
transducers.

FIG. 4A graphically illustrates how the signal from the
prior art transducer described 1n the aforereferenced Stasz
"875 patent frequently results 1n false positive 1n the snoring
channel due to the rapid rise and fall time of the pyrosignal
in the breathing channel. The false positives are highlighted
by being encircled.

FIG. 4B again shows the behavior of the prior art trans-
ducer of the Stasz ’875 patent 1n the presence of a snoring
event. The breathing channel shows rhythmic breathing with
an episode of snoring bounded by vertical dashed lines.
Observing the waveform in the snoring channel, it 1s again
noted that there are several false positives corresponding to
the rapid fall time of the pyrosignal.

FIG. 4C illustrates the waveforms in the breathing and
snoring channel when the transducer constructed in accor-
dance with the present 1s employed with the same sensing
circuitry as was used 1n recording the waveforms of FIGS.
4A and 4B. Looking first at the waveform entering the
breathing channel in FIG. 4C, 1t 1s immediately apparent that
the addition of the foam layer covering the entire transducer
f1lm has the effect of significantly decreasing the rise and fall
fime of the pyro signal. As a result, there are no longer any
false positive peaks 1 the waveform derived from the
snoring channel electronics.

The waveform of FIG. 4D were taken using the transducer
of the present invention but with a snoring episode taking
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place. Because of the absence of false positives, the output
from the snoring or piezo channel 1s readily recognized and
detectable.

FIG. 4E are waveforms derived from a recording from a
polysomnography machine of a type commonly used at a
sleep laboratory. Using the transducer of the present
invention, the snoring pattern 1s readily detectable while the
pyro signal labeled “air flow” clearly does not introduce

false positives 1nto the snoring channel, but instead, reflects
air flow due to inhalation and exhalation. The observed
difference 1n the waveforms of FIGS. 4A and 4C 1s due
solely to the addition of a foam layer approximately ¥16” of
an 1nch thick covering the transducer film 12 over its entire
surface.

ALTERNAITTVE EMBODIMENT

Referring to FIG. §, there 1s shown an alternative embodi-
ment of the invention designed to enhance the signal-to-
noise ratio produced 1n the sound channel. As 1n the embodi-
ment of FIG. 1, the device comprises a laminated structure
including a PVDF {ilm layer 50 having a conductive pattern,
as at 52, on the opposed major surfaces thercof Without
limitation, the conductive pattern may be applied as a carbon
based ink or metal deposition.

The shape of the film layer 50 1s bilaterally symmetrical
about a longitudinal axis and includes a generally rectangu-
lar center section 54 having obliquely extending rounded
arms 56 and 58 projecting from adjacent upper corner
portions thereof and laterally extending legs 60 and 62 at the
base of the rectangular mid-section 54. Extending normal to
the upper edge of the central portion midway between the
obliquely extending arms 56 and 58 1s a rectangular tab
secgment 64.

A foam layer 66, corresponding 1n shape to the film layer
50, 1s adhesively bonded to the conductive pattern on the
lower side of the film layer with a conductive connector pad
68 that contacts the conductive layer on the PVDF film layer
sandwiched therebetween. An elongated flexible lead 70 has
an 1nner conductive wire electrically connected to the con-
ductive pad 68 and it leads to a connector 72 that 1s adapted
to mate with an electronics module. Again, the thickness of
the foam layer 66 1s selected to provide a desired thermal
mass to the sensor and typically would fall into a range of
from about 0.001 inch to 0.15 inch. A layer of release paper
74 1s adhered to the underside of the foam layer 66 and is
adapted to be removed to expose an adhesive layer that 1s
used to adhere the sensor device to a person’s upper lip. The
release layer 74 1s preferably cut along dashed line 75 so that
a band of release paper can be left in place 1f desired to
prevent adhesion of the sensor to lip tissue.

A connector pad 76 abuts the conductive layer 52 on the
PVDF film layer 50 and provides a means whereby an
electrical conductor 78 in a lead 80 becomes conductively
joined to the metallization pattern 54. The lead 80 has a
connector 82 on 1ts proximal end.

Disposed 1n covering relation to the conductive layer 54
and the connector 76 1s an outer layer 84 that 1s preferably
cut from a suitable fabric, such as a woven tricot fabric.

In use, the sensor device of FIG. 5 will be removed from
a package and at least the portion of the release liner 74
above the cut line 75 stripped there from to expose an
adhesive layer on the undersurface of the foam layer 66. The
tab 77 of the release paper that extends beyond the boundary
of the foam layer 66 facilitates grasping and removal of the
release paper. The device 1s then applied to the upper lip of
a subject such that the laterally extending leg portion of the
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device overhangs the subject’s upper lip while the obliquely
extending rounded arms are placed 1n general alignment
with the nares of the nose. The tab 64 1s bent outward and
adhered by the adhesive to the subject’s external nasal
septum. The strip of release paper covering the laterally
extending leg portions 60 and 62 can be left 1 place, it
desired.

During a snoring episode, the septum vibrates and causes
the PVDF film to output a piezoelectric signal that is
transmitted to the electronics module, via the leads 70 and
80. The laterally extending leg portions 60 and 62 extend
over the subject’s upper lip where 1t 1s exposed to both
temperature changes due to mouth breathing and to snoring
noise. Likewise, the laterally extending arms 56 and 38 are
positioned to receive air fHlowing mto and out from the
subject’s nares as a result of respiratory activity.

Again, the presence of the foam layer 66 provides a means
for effectively controlling the thermal mass of the device,
making it easier to separate a piezo signal from a pyro signal.

This invention has been described herein 1n considerable
detail 1n order to comply with the patent statutes and to
provide those skilled 1n the art with the information needed
to apply the novel principles and to construct and use such
specialized components as are required. However, 1t 1s to be
understood that the invention can be carried out by specifi-
cally different equipment and devices, and that various
modifications, both as to the equipment and operating
procedures, can be accomplished without departing from the
scope of the mvention itself

What 1s claimed 1s:

1. A combination thermal and vibration sensor, compris-
Ing:

(a) a plastic film exhibiting pyroelectric and piezoelectric
properties with first and second major surfaces and
having a predetermined shape configuration, said pre-
determined shape configuration including a generally
rectangular central segment with first and second
obliquely projecting arms at adjacent corners thereof
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and an elongated tab disposed between said obliquely
projecting arms;

(b) a thin layer of conductive material deposited upon and
substantially covering the first and second major sur-
faces;

(c) first and second elongated conductive leads individu-
ally connected at a first end thereof to the layers of
conductive material on the first and second major
surfaces;

(d) a layer of a material for changing the thermal mass of
the sensor adhered to the layer of conductive material
on at least one of the first and second major surfaces,
and coextensive with the predetermined shape configu-

ration of the film; and

(¢) a layer of adhesive on an exposed surface of the layer
of material for changing the thermal mass of the sensor
for adhering the sensor to a subject’s upper lip with the
clongated tab adapted to be atfixed to the base of the
subject’s nasal septum.

2. The sensor of claim 1 wherein the layer of adhesive 1s
adapted to adhere the first and second obliquely projecting,
arms 1n ahgnment with the subject’s nares when the elon-
cgated tab 1s affixed to the base of the subject’s nasal septum.

3. The sensor of claim 1 wherein the material for changing
the thermal mass of the sensor 1s a layer of foamed plastic.

4. The sensor of claim 3 wherein the layer of foamed
plastic has a thickness in the range from about 0.001 to 0.150
inches.

5. The sensor of claim 4 wherein the layer of foamed
plastic 1s about 142 1inch 1n thickness.

6. The sensor of claim 1 wherein the layer of material for
changing the thermal mass includes a layer of peel-away
release paper covering the adhesive on the exposed surface
prior to its application to an attachment surface.

7. The sensor of claim 6 wherein the layer of release paper
includes a tab extending beyond an edge of said layer of
material for changing the thermal mass of the sensor.
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